Optical head with magnetized garnet layer is used to detect presence of thin ferromagnetic layers such as printed text. Mathematical model of the system was created. Incident P-polarized light affected by garnet layer changes its polarization due to Faraday effect. We can detect presence or absence of magnetic information after studying changes in polarization of the reflected light.
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substance placed, for example, between mirrors. The refractive indices for light with left-handed and right-handed circulation of the vector E are not equal + ≠ − . This means that such circularly polarized waves propagate in matter at different rates. Let us consider the case with one metal-dielectric interface. In this case the Maxwell equations may be solved in the form of:
in the region with metal, and
in the region with dielectric. It is important to note that surface plasmons are excited only with TM polarized light. PhIO-2018 Described geometry of the surface plasmons at the metal-dielectric interface is shown in Fig.3 . The wave vectors in the transverse direction from the boundary for metal and dielectric can be expressed as follows:
Based on the condition of continuity of the tangential components of the electric and magnetic field, the following can be affirmed:
Then the dispersion expression is represented in the form of:
The components of the wave vector in the direction perpendicular to the boundary take the form:
The condition under which localized surface waves could exist is that the expression under square root must be positive, so that the component of the wave vector along the interface would be real. In order to find localized near medium boundary waves, the normal components of the wave vectors must be imaginary. In this case, the fields exponentially decrise with the distance from the boundary.
Relying on the said above, one can come to the conclusion that localized plasmons exist when the following conditions are fulfilled:
For the existence of surface plasmons, one of the dielectric functions must be negative and in absolute magnitude exceed the other. As noble metals have a large negative dielectric permeability they are suitable [4] .
One of the pioneer works on the optical properties of the MO materials supporting the LSPR was [5] . It was found in [6] [7] [8] that an increase in the surface fraction attributable to gold particles in the Bi:YIG-Au structures results in an increase in light absorption due to excitation of the LSPR and an increase in the polarization angle rotation. Figure 4 shows that the angle of rotation of the plane of polarization grows proportionally to a decrease in the intensity of the wave transmitted through the Bi:YIG-Au structure [9] . Thus, it can be said that the increased MO response of garnet-noble metal structures is associated with a strong absorption of a linearly polarized wave due to excitation of LSPR.
MATERIALS AND METHODS
In this paper, we consider mathematical models of MO plasmonic structures and a change in the polarization angle rotation spectrum as a function of the geometric parameters of the structure. The model of the measuring stand is shown in Fig. 5 [10, 11].
The light from the radiation source passes through the polarizer becoming Ppolarized. Such polarization is required to excite plasmon resonance. Further, the plane of polarization in a magneto-optical substance undergoes rotation due to the Faraday effect and its amplification by LSPR. The magneto-optical substance used is magnetized bismuth-substituted iron-yttrium garnet with 500 nm thickness.
We have investigated the plasmon resonance that arises on grating made of a noble metal with various geometric parameters, including period, thickness of the metal layer, and duty cycle. Figure 6 shows the results of mathematical modeling of a structure with and without a noble metal grating. There is a distinct difference in the plane of polarization rotation amplitude. However, at the frequencies of the localized surface plasmon resonance happening at the boundary between the metal and the garnet, the transmittance of the structure undergoes a severe drop (Fig. 7 ). The high power of the radiation is expended on the excitation of the LSPR and at the peak of the rotation of the plane of polarization the percentage of the transmitted PhIO-2018 energy is close to zero. Taking this into account, the optimal ratio of the angle of rotation of the plane of polarization and the power of the transmitted radiation has to be calculated.
RESULTS
Considering the effect of the change in the lattice period on the rotation spectrum (Fig. 8) , one can observe the shift of the resonance to the long-wavelength region of the spectrum. In the case of using silver as a metal lattice for a period of about 0.25 μm and further additional peaks begin to appear (Fig. 9 ). Figure 10 shows an example with a lattice period of about 600 nm. Several resonance frequencies of rotation in the IR region of the spectrum are observed. As we increase the period further, peaks observed in the visible range gradually disappear.
Investigation of the change in the thickness of the metal indicates an increase in the resonance amplitude and its small shift to the long-wave region with the decrease in thickness (Fig. 11) . The increase in the duty cycle indicates the shift of the peak to the short-wave region with a slight amplitude change (Fig. 12) .
Based on the obtained results, we have modeled the structure that performs its best when working with the helium-neon laser ( = 632.8 nm). Geometric characteristics of the structure are shown in Table 1 and graph of the spectral dependence of the Faraday rotation in Fig. 13 . 
DISCUSSION
The purpose of this work was to determine the feasibility of practical implementation of these effects in systems for visualization and recording of magnetic images from magnetic information carriers as super sensitive to small magnetic fields sensors. The carriers of magnetic information can be valuable documents (banknotes, money bills), audio-video recording, protective holograms, the study of which involves the use of PhIO-2018 the Faraday magneto-optical effect [12] [13] [14] . The idea is that if we move these magnetized substances (magnetic information carriers) to the structures described above some changes will occur with the coefficients in the garnet dielectric permittivity tensor, responsible for the magnetization, the gyration vector. This leads to a change in the rotation of the plane of polarization passing through the light structure. Setting an analyzer in front of the radiation receiver, which is rotated in such a way as to transmit a maximum of radiation in the case when there is no extraneous magnetic field, we can see the darkening in those areas where there is a magnetized substance (information carrier). In this way we would have a magnetic image of the carrier.
CONCLUSION
Studies indicate a wide range of possibilities for manufacturing magneto-optical plasmonic structures for the study of magnetic interactions in a wide spectral range. The increase in the MO response due to the use of the noble metal gratings is extremely large, but it is necessary to take into account the resonance losses of the radiation power when passing through the structure. The optimum ratio of the MO response and the allowable losses should be calculated beforehand.
